Background: Life expectancy is significantly shorter for patients with chronic obstructive pulmonary disease (COPD) than the general population. Concurrent diseases are known to infer an increased mortality risk in those with COPD, but the effects of pharmacological treatments on survival are less established. This study aimed to examine any associations between commonly used drugs, comorbidities and mortality in Swedish real-world primary care COPD patients. Methods: Patients with physician-diagnosed COPD from a large primary care population were observed retrospectively, utilizing primary care records and mandatory Swedish national registers. The time to all-cause death was assessed in a stepwise multiple Cox proportional hazards regression model including demography, socioeconomic factors, exacerbations, comorbidities and medication. Results: During the observation period (1999-2009) 5776 (32.5%) of 17,745 included COPD patients died. Heart failure (hazard ratio [HR]: 1.88, 95% confidence interval [CI]: 1.74-2.04), stroke (HR: 1.52, 95% CI: 1.40-1.64) and myocardial infarction (HR: 1.40, 95% CI: 1.24-1.58) were associated with an increased risk of death. Use of inhaled corticosteroids (ICS; HR: 0.79, 95% CI: 0.66-0.94), beta-blockers (HR: 0.86, 95% CI: 0.76-0.97) and acetylsalicylic acid (ASA; HR: 0.87, 95% CI: 0.77-0.98) was dose-dependently associated with a decreased risk of death, whereas use of long-acting muscarinic antagonists (LAMA; HR: 1.33, 95% CI: 1.14-1.55) and N-acetylcysteine (NAC; HR: 1.26, 95% CI: 1.08-1.48) were dose-dependently associated with an increased risk of death in COPD patients. Conclusion: This large, retrospective, observational study of Swedish real-world primary care COPD patients indicates that coexisting heart failure, stroke and myocardial infarction were the strongest predictors of death, underscoring the importance of timely recognition and treatment of comorbidities. A decreased risk of death associated with the use of ICS, betablockers and ASA, and an increased risk associated with the use of LAMA and NAC, was also found. Keywords: observational, LAMA, inhaled corticosteroids, beta-blockers, acetylsalicylic acid, chronic obstructive pulmonary disease
Our research team analyzed data from medical records and registers on almost 18,000 COPD patients from Sweden. We found that heart diseases and stroke were connected to an increased risk of death. We also found that a certain bronchodilator drug type (long-acting muscarinic antagonists, LAMA) was connected to an increased risk. The following drugs were connected to a decreased risk of COPD death:
Introduction
Chronic obstructive pulmonary disease (COPD) is one of the world's major causes of death with an estimated 2.9 million deaths annually. 1 In Sweden, overall life expectancy for patients with COPD has been shown to be 8.3 years shorter than that of the general population. 2 Comorbidities influence morbidity and mortality in COPD, 3 as exemplified by the increased mortality risk associated with cardiovascular disease (CVD), lung cancer, diabetes and depression or anxiety, among others. [4] [5] [6] [7] The more comorbidities a COPD patient has, the higher is the risk of early death. Whether pharmacological treatment can impact COPD mortality is debated. There is conflicting evidence regarding the effect of inhaled corticosteroids (ICS) on COPD mortality when assessed in randomized controlled trials (RCTs). 8, 9 Systematic reviews also found no significant difference in mortality between long-acting beta-2-agonists (LABA) and placebo, 10 or between long-acting muscarinic antagonists (LAMA) and placebo. 11 Treatment of comorbid diseases might influence COPDrelated mortality. Retrospective, observational data associate beta-blockers 12 and angiotensin-converting enzyme inhibitors (ACEi) or angiotensin-II receptor blockers (ARB) 13 with a decreased COPD mortality; however, no RCTs examining these relationships exist. A meta-analysis reported decreased mortality for COPD patients on antiplatelet therapy. 14 An RCT evaluating statins in COPD patients with no other indications for statin treatment did not show any significant effect on mortality as compared to placebo. 15 Currently, most of the knowledge of factors influencing COPD mortality has been acquired from RCTs with a highly select study-population or studies made in secondary care settings, [4] [5] [6] 16 indicating populations with more severe COPD. There are only limited data from realworld primary care COPD cohorts on the effect of comorbidities on mortality, 7, 17 and to our knowledge no such studies examining the effect of drug-use on mortality. The aim of this observational, retrospective study was to increase our knowledge on the influence of comorbidities and pharmacological treatment on COPD mortality, by combining data from electronic patient records with data from Swedish national registers on a large real-world cohort of primary care COPD patients.
Methods
This was an observational, retrospective, population-based study, in which several previous analyses have been made. 
Data Sources
A total of 76 primary healthcare centers were included in the study, covering approximately 800,000 individuals (about 8% of the Swedish population). To get a sample representative for the entire population, healthcare centers from both urban and rural areas, of various sizes and run by both private and public providers were included. Medical records data from the primary healthcare centers included were extracted with an established software system (Pygargus Customized eXtraction Program, CXP; Pygargus AB, Stockholm, Sweden). 22 
Study Population
The cohort included all patients with COPD (J44, according to ICD-10) diagnosed by a physician. In order to reduce the risk of immortal time bias we only included patients diagnosed during the study period, 1st January 1999 to 31st December 2009. Patients with a COPD-diagnosis in the Cause of Death Register only were excluded, but there were no other exclusion criteria.
The index date was defined as the date of first COPDdiagnosis, and patients were followed until 31st December 2009, emigration or death.
Study Measures Mortality
The main outcome of interest was all-cause mortality during the study period. Date of death was collected from the Cause of Death Register.
Socioeconomic Factors
Included in this study were baseline data on age, yearly income, marital status (defined as either single or cohabiting) and educational level, defined as low or high (<10 or ≥10 years of total education).
Exacerbations
Exacerbations were defined by one or more of the following events: COPD-related hospitalizations (ICD-10 code J44 as main diagnosis or J44.0/J44.1 as secondary diagnosis), emergency visits (ICD-10 code J44.0/J44.1 in outpatient hospital care) or collection of prescribed oral steroids (Anatomical Therapeutic Chemical Classification System [ATC] code H02AB) or antibiotics (ATC codes J01AA and J01CA, encompassing antibiotics recommended for and commonly used against COPD exacerbations). 18 To avoid including the same exacerbation more than once in the analysis, exacerbation events as defined above occurring within 14 days were defined as a single exacerbation. Included in the analyses were exacerbations occurring from two years before baseline until the end of follow-up.
Since an ICD-10 code of COPD hospitalization or exacerbation would have constituted inclusion in the study, only drug prescription events were regarded prior to baseline. 
Other Variables
Data on smoking status and lung function were only available from a small part of the population (12.3% and 12.8%, respectively) and was therefore not included in the analyses. No data was available on vaccination status or blood eosinophil count.
Statistical Analyses
Descriptive analyses were done comparing COPD patients that deceased during the study period with those who were alive at the end of follow-up. Cox proportional hazards regression models were used to analyze time to death, producing hazard ratios (HR) presented with a 95% confidence interval (CI). Firstly, all potential risk factors were analyzed separately (simple Cox regression). Secondly, all factors with a p-value below 0.2 in the simple Cox regression model were entered into a stepwise multiple Cox proportional hazards regression model. The model with the lowest Akaike information criterion value was chosen as the final model, in which not all risk factors entered into the analysis were included. Multicollinearity was not formally assessed, since the stepwise multiple Cox proportional hazards regression model usually excludes one of two strongly correlated variables.
The following variables were included in the primary analyses. Baseline characteristics at time of COPD diagnosis: gender, age, marital status, income, and educational level. Also included as baseline characteristics were Charlson comorbidity index score and a diagnosis of pneumonia or asthma prior to COPD diagnosis. In addition, a number of time-dependent factors were added to the analyses: drug usage -relative exposure (detailed above), drug usage -any use, exacerbations, hypertension, HF, MI, IHD, stroke, diabetes, osteoporosis, fractures and depression. Exacerbations and fractures were analyzed on a per-event basis. Patients were censored when they left the study due to death or emigration. Latest time point alive was used to censor patients who were alive at the end of follow-up.
A sensitivity analysis was done where the association between use of LAMA and mortality was analyzed after stratifying the LAMA-treated patients for concomitant use of ICS (yes or no). Cox regression was used in these analyses and the estimates were adjusted for age, gender and Charlson comorbidity index score.
Data management and statistical analyses were performed using SAS version 9.3 (SAS Institute Inc, Cary, NC, US) and R version 3.5.0 (The R Foundation, Vienna, Austria).
Results

Cohort Characteristics
From a cohort of 17,745 patients with a diagnosis of COPD followed for a total of 64,306 person-years, 5776 (36.7%) died during the study period. Those who died were older at the time of diagnosis, more often male and more often single, and they had a lower level of education and a lower yearly income than those who were alive at end of follow-up (Table 1) . Exacerbations during the two-year period preceding baseline were less common among those who died during the study period, as were hypertension. All other comorbidities studied, however, were more common at baseline among those who died, indicating a group of patients with a higher total disease- During the two years preceding baseline. Abbreviations: SD, standard deviation; SEK, Swedish crowns; ICS, inhaled corticosteroids; LAMA, long-acting muscarinic antagonists; LABA, long-acting beta-2-agonists; ACEi, angiotensin-converting enzyme inhibitors; ARB, angiotensin-II receptor blockers; SSRI, selective serotonin reuptake inhibitors.
burden. Drug usage at baseline did not differ much between the two groups, except for diuretics that were substantially more common among those who died, and statins, SSRI and fixed combination ICS/LABA that were less common among those who died.
Socioeconomic Factors
In the stepwise multiple Cox model, male gender and higher age were associated with an increased mortality risk, whereas higher income and higher education were associated with a decreased risk; marital status did not influence risk of death ( Table 2 ).
Exacerbations and Comorbidities
Exacerbations and a high score (at baseline) on the Charlson comorbidity index were associated with an increased risk of death in the stepwise multiple Cox model, as were the comorbidities HF, MI, IHD, stroke, diabetes and fractures, while concomitant asthma and hypertension were associated with a decreased risk of death. Baseline pneumonias were not included in the final multiple Cox model, and there was no statistically significant association between osteoporosis or depression and COPD mortality (Table 3) .
Drug Usage
In the stepwise multiple Cox model adjusting for age, gender, socioeconomic status, exacerbations, comorbidities and any use of the drug classes of interest, the relative exposure to six drug classes reached statistical significance (Table 4, Figure 1 ). ICS, LAMA and NAC were associated with an increased COPD mortality risk in a dose-dependent manner, whereas beta-blockers, ASA and SSRI were associated with a decreased risk.
In a sensitivity analysis, the relative exposure to LAMA was stratified for concomitant use of ICS (yes or no). 
Discussion
This study demonstrated that several factors were associated with mortality risk in a large, real-world, primary care COPD population. The strongest predictor of death was comorbid HF, which was associated with a nearly doubled mortality risk. Stroke and MI were also associated with an increased risk of death of about 50% each. In terms of drug usage, the results indicated a decreased risk of death associated with the use of ICS, betablockers, ASA and SSRI, and an increased risk associated with the use of LAMA and NAC. This study confirms that the negative prognostic role of above-mentioned comorbidities found in previous studies is valid also in a NorthEuropean primary care COPD population. Moreover, the study adds to the previously limited real-world evidence on the impact of drug-usage on COPD mortality.
The association between ICS and decreased mortality seen in this material was in contrast to RCTs and metaanalyses reporting no difference between ICS and placebo with regard to COPD mortality, 8, 9 but was in line with analyses of pooled data 25, 26 and earlier observational data. 27 In the TORCH study, 8 there was a statistically nonsignificant tendency towards decreased mortality in the ICS-treated groups. Jenkins et al found in a post-hoc analysis of the TORCH study that treatment with ICS in combination with a LABA reduced mortality compared to placebo among patients with moderate COPD. 28 Recently,
Oshagbemi and coworkers reported retrospective observational real-world data indicating that ICS reduced mortality in COPD patients with blood eosinophilia. 29 These findings suggest that there might be COPD phenotypes in which ICS can reduce mortality. Heterogeneity of the COPD populations in this and other studies, and the existence of different, today insufficiently understood COPD phenotypes may explain the various results in different studies. Finally, there is also the possibility that in the realworld primary care COPD population, as opposed to the highly select populations in RCTs, ICS might have a positive effect on COPD mortality. In the present study, we found a dose-dependent relationship between the use of dry powder tiotropium bromide, which was the only LAMA approved in Sweden at the time of the study, and increased mortality. This contrasts with the results from the UPLIFT 30 RCT indicating a reduced risk of death. Other studies, including Cochrane reviews, have found no effect at all of LAMA on mortality. 11, 31, 32 The increased mortality associated with LAMA treatment reported in the present study may be the result of confounding factors not sufficiently accounted for, for instance lung function or smoking, or bias occurring as a result of the imperfection of the real-world setting, such as diagnoses not properly verified. It is possible that in our material, the group receiving LAMA alone represent the "purest" COPD population and thereby have a higher mortality than the mixed COPD group receiving other kinds of medication. However, an association between the use of LAMA and mortality was also found in the group of patients that were using LAMA in combination with ICS. Our study comprises all real-world COPD patients in a huge primary care population and as such includes a lot of vulnerable and fragile patients seldom included in clinical trials. The effect of LAMA on COPD mortality in this group remains to be further investigated. N-acetylcysteine may decrease exacerbation rate in COPD, 33 but has to our knowledge not previously been associated with an increased risk of COPD mortality.
There is a possibility that anti-oxidative effects of NAC may play a part. A more plausible explanation, however, for the increased mortality implied here is confounding by chronic bronchitis, which the current study has neither assessed nor adjusted for. Ever since the concept of COPD became widely accepted in Sweden, chronic bronchitis is seldom registered separately but rather included in the COPD-diagnosis. Therefore, we deemed that analyses on chronic bronchitis, based on the present register and medical records data, would be unreliable. Chronic bronchitis is common in COPD, with estimates varying between 14% and 74%; it is a common reason for prescribing NAC, and it is also a risk factor of death. 34 Therefore, there are reasons to believe that NAC, as a marker of chronic bronchitis only, is associated with increased mortality. Beta-blockers were associated with decreased mortality in the current study, independently of hypertension and heart diseases. Our findings were in line with the majority of previous observational studies reporting a beneficial relationship between beta-blockers and decreased COPD mortality. 12, 35 The present results are, however, in contrast to a recently published RCT where no difference in time to first exacerbation was found between COPD patients treated with metoprolol and COPD patients not treated with metoprolol. 36 Other RCTs examining the effect of betablockers in COPD are ongoing and positive result from these trials would have the potential to bring a valuable yet inexpensive tool to the COPD treatment arsenal. 37 The need for such RCTs is highlighted by the fact that fears of prescribing beta-blockers to COPD patients still exist. 35 Studies indicate that ASA might play a protective role in COPD, regardless of CVD, 14, 38 though no RCTs assessing the issue are currently available. The present study supported the idea of a beneficial dose-dependent effect of ASA on COPD mortality. Other possible explanations for the observed association might be under-diagnosis of CVD or incomplete registration in patient records, precluding adjustment for such comorbidities. However, a direct effect of ASA on pathologically activated platelets in COPD patients have been suggested as a potential pathophysiological mechanism.
14 Recently, 10-year results from the longitudinal MESA Lung Study reported decreased deterioration of pulmonary emphysema in COPD patients treated with ASA, 39 further supporting the idea of a direct beneficial effect of ASA in COPD. In our material, SSRI was dose-dependently associated with decreased mortality in COPD. Previous reports have suggested that SSRI might improve depressed COPD patients' quality of life and exercise capacity, 40 possibly by improving patients' perception of their health status. Our results were contradictory to a recent, large, observational study reporting increased morbidity and mortality with new SSRI use. 41 However, that study reports no dosedependency, suggesting there might be confounding factors not accounted for. Under-diagnosis of depression is common in COPD, 3 and may explain our results assuming there were unrecognized and untreated cases of depression, 42 with increased mortality risk, 4 in the non-SSRI group.
Several of the negative prognostic factors identified in our study, including age, male gender, exacerbations and comorbidities such as heart disease, stroke, diabetes, fractures and the Charlson comorbidity index score, are known from previous work. [4] [5] [6] [7] [43] [44] [45] The positive prognostic factors reported here (higher education and income) are also in line with previous studies. 46 Our results confirm the prognostic value of the above-mentioned factors also in the real-world primary care setting. The present study found, after adjustment for use of antihypertensive drugs, an association between hypertension and a decreased risk of mortality, which contrasts with previous works reporting no association with mortality. 5, 16 There is, to our knowledge, no pathophysiological mechanism that could explain a protective role of hypertension in terms of COPD mortality. Potential explanations to our results include that hypertension might have been underdiagnosed, leading to relatively more deaths among unrecognized and untreated subjects in the non-hypertension group, and beneficial effects of antihypertensive drugs not sufficiently adjusted for (ie, calcium channel blockers).
A diagnosis of asthma before COPD diagnosis substantially decreased the risk of mortality in the present analysis. While some investigators have found increased mortality in COPD patients with concurrent asthma, 47 most studies have reported a mortality rate lower than 48 or similar to 49 subjects with COPD only. These conflicting results might possibly be explained by differences between the studies in how and when diagnoses of asthma and COPD have been assessed and verified. They may also represent the clinical reality of the two diagnoses not always being readily defined and separated. There were several strengths of this study; the main ones being its size, long follow-up time and coverage representing about 8% of the Swedish population. By combining data from patient records and mandatory national registers, this study encompassed virtually all patients with a COPD diagnosis visiting any of the included primary care centers during the study period. In the selection of the centers included, the aim was to get a sample representative of Swedish primary care in terms of geographic and demographic properties as well as private and public care providers. Therefore, the study population is likely to be representative of Swedish primary care COPD patients, and the results are likely to be generalizable. The use of national registers based on the personal identification number guaranteed complete data of good quality, insensitive of subjects moving around. Another strength of this study was the plethora of data collected, enabling analysis of many possible risk factors and adjustment for a wide range of variables.
The most important limitation, except for the intrinsic limitations of the observational study setting, is the lack of objective confirmation of most of the diseases included in the analysis. In other words, all diseases may be both under-diagnosed (or incompletely registered in patient records) and over-diagnosed. The lack of data on smoking history was another major limitation, since smoking is a major risk factor not only for COPD but also for CVD and early death, among others. Data on smoking history could also have strengthened the diagnosis of COPD, and to some extent helped in the distinction between COPD and asthma. Another major limitation of this study was the lack of data on lung function, limiting the possibilities to verify the COPD-diagnosis and to stratify data per lung function. If the relative risk of mortality increased with increasing COPD severity ("dose-dependency"), the association with possible risk factors would have been strengthened. Yet another limitation was the lack of data on blood eosinophil numbers, which have been reported to be prognostic of COPD mortality. Information on the vaccination status of the subjects would have been useful, since vaccination for respiratory infections has a wellestablished protective effect in COPD and therefore likely would influence mortality estimates. Data on body mass index, a well-established risk factor for COPD death as well as for CVD, were also lacking in this study.
Conclusion
This observational study of a large cohort of real-world primary care COPD patients indicated a decreased risk of death associated with the use of ICS, beta-blockers and ASA, and an increased risk associated with the use of LAMA and NAC. Chronic bronchitis might explain the increased mortality risk associated with NAC. The results highlight the need for further studies, preferably RCTs, on the effect and safety of ICS, beta-blockers and ASA on different COPD phenotypes. The strongest predictors of death were comorbid heart failure, stroke and myocardial infarction. Timely recognition and appropriate treatment of these and other comorbidities may improve prognosis, underscoring the importance of a multidimensional and thorough assessment of COPD patients in primary as well as secondary care.
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